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UHTXLUHG ZLWK FRQYHQWLRQDO LH VXEWUDFWLYH PHWKRGV )RU
H[DPSOH WKHUHLVQRORQJHUDQ\QHHGWRVHWXSPDFKLQHWRROV
RU SURJUDP WRRO SDWKV IRU FXWWLQJ WRROV 7KLV VDYHV D
VLJQLILFDQWDPRXQWRIWLPH>@7KHPDWHULDOVFXUUHQWO\XVHGLQ
GLJLWDO PDQXIDFWXULQJ UDQJH IURP YDULRXV PHWDO DQG SODVWLF
SRZGHUVWKURXJKWRSRO\PHUSODVWHUFRPSRVLWHVDQGSDSHU
7KHUH DUH PDQ\ GLIIHUHQW VL]HG PDFKLQHV IRU GLJLWDO
PDQXIDFWXULQJ '0 V\VWHPV LQ WKH PDUNHW DW WKH PRPHQW
7KHVH UDQJH IURP SURGXFWV IRU SULYDWH XVHUV WKURXJK WR
SURIHVVLRQDO VROXWLRQV IRU LQGXVWULDO XVHUV ZKLFK DUH FDSDEOH
RI SURGXFLQJ ERWK VDPSOH SDUWV DQG VHULHV FRPSRQHQWV ,Q
DGGLWLRQWRWKLVDODUJHQXPEHURIV\VWHPVWKDWKDYHFRPHRQ
WKH PDUNHW LQ UHFHQW \HDUV DOORZ SULYDWH XVHUV WR DFFHVV WKH
ZRUOG RI 'SULQWLQJ IRU OHVV WKDQ(85 >@ ³%XLOGLW
\RXUVHOI´ NLWV WKDW FDQ EH SXW WRJHWKHU E\ WHFKQLFDOO\YHUVHG
SULYDWH XVHUV LQ DPDWWHU RI KRXUV DQGSXW LQWRRSHUDWLRQ DUH
WKHFKHDSHVWRSWLRQ$SDUWIURPWKHVHWKHUHDUHDOVRSOXJDQG
SOD\V\VWHPVVXFKDVKRPH'SULQWHUVWKDWDUHDOOVHWXSDQG
UHDG\ WR XVH 7KLV DWWUDFWLYH RSWLRQ LV SOD\LQJ D NH\ UROH LQ




,Q UHVSHFW RI WKHRUHWLFDO HGXFDWLRQ DW XQLYHUVLWLHV WKHVH
QHZSRVVLELOLWLHVDQGSURFHVVHVDUHQRZWDNLQJKROG LQPDQ\
OHFWXUHV DQG WH[WERRNV OLNH HJ >@7KHXVHRI 'GLJLWDO
WHFKQRORJLHVLQSUDFWLFDOHGXFDWLRQDQGUHVHDUFKDWXQLYHUVLWLHV
KDV EHHQ FRQFHQWUDWHG RQ WKH GHYHORSPHQW DQG XVH RI
H[SHQVLYH SURIHVVLRQDO V\VWHPV LQ ODERUDWRULHV WR GDWH
6WXGHQWVKDYHWKHFKDQFHWRIDPLOLDUL]HWKHPVHOYHVWKHUHZLWK
WKHQHZ WHFKQRORJLHV WKURXJKSUDFWLFDOZRUN$V WKHDPRXQW
RI WKLV ODERUDWRU\ ZRUN LV OLPLWHG GXH WR WKH XVXDOO\ ORZ
QXPEHURI V\VWHPV LQ ODERUDWRULHV RQO\ D IHZ VWXGHQWV KDYH
EHHQDEOHWRJDLQKDQGVRQWUDLQLQJWRGDWH
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:LWK WKHSULFHVRI V\VWHPV FRQWLQXLQJ WR IDOO XQLYHUVLWLHV
KDYHEHHQLQDSRVLWLRQUHFHQWO\WRSXUFKDVHDJUHDWHUQXPEHU
RI UHDVRQDEO\SULFHG'0V\VWHPV IRU WUDLQLQJ WKHLU VWXGHQWV
7KHDLPFDQEH WRSURYLGHHDFKVWXGHQW LQD ODERUDWRU\ZLWK
KLVRUKHURZQUHDG\WRXVHKRPH'SULQWHUFRQQHFWHGWRWKH
&$' V\VWHP ,Q WKLV ZD\ HDFK VWXGHQW KDV KLV RU KHU RZQ
FRPSXWHU ZLWK D &$' V\VWHP DQG ' SULQWHU DYDLODEOH WR
WKHPVLPLODUWRLQD&$'ODERUDWRU\6WXGHQWVDUHDEOHWRXVH
DQGJUDVS WKHDGYDQWDJHVRI WKHQHZ WHFKQRORJ\QDPHO\ WKH
DELOLW\WRWXUQYLUWXDOPRGHOVLQWRDFWXDOVDPSOHSDUWVTXLFNO\
DQG DIIRUGDEO\ 7KLV PHDQV WKDW PRGHOV FDQ EH SULQWHG
GLUHFWO\IURPWKH&$'V\VWHP6XEVHTXHQWO\ WKH'PRGHOV
FDQ EH XVHG IRU DQDO\VLV DQG HYDOXDWLRQ 6WXGHQWV UHFHLYH
GLUHFWIHHGEDFNE\PHDQVRIDSK\VLFDOPRGHODOORZLQJWKHP
WR WHVW DQG RSWLPL]H WKHLU GHVLJQV $W WKH VDPH WLPH WKH
VWXGHQWVOHDUQLQDYLVXDODQGLQWXLWLYHPDQQHUDERXWWKHQHZ
GHVLJQ RSWLRQV RQ RIIHU IURP JHQHUDWLYH LH OD\HUE\OD\HU
SURFHVVHV LQ VXFK D ODERUDWRU\7KLV SXWV DQ HQG WR IUHTXHQW
FULWLFLVP WKDW VWXGHQWV DUH QRW DEOH WR EHQHILW IURP WKH QHZ
FUHDWLYHIUHHGRPSURYLGHGE\JHQHUDWLYHDSSURDFKHV
7KHXVHRI'SULQWHUVKDVEHHQD WULHGDQGWHVWHGZD\RI
VXSSRUWLQJ GHVLJQ SURMHFWV LQ WKH WHDFKLQJ RI PHFKDQLFDO
HQJLQHHULQJ IRU VRPH \HDUV >@ %\ XVLQJ ' SULQWHUV ZLWK
)XVHG'HSRVLWLRQPRGHOLQJ)'0WHFKQRORJ\WKHUHLVQRQHHG
IRU LQWULFDWH KDQGPDGH PRGHOV ZKLFK PHDQV FRQVLGHUDEO\
OHVVGHVLJQDQGRSWLPL]DWLRQWLPHDQGHIIRUW>@)XUWKHUPRUH
.ULHVHHWDOZHUHDEOHWRGHPRQVWUDWHWKDWVWXGHQWVSURGXFHG
EHWWHU UHVXOWV WKURXJK WKH XVH RI SURWRW\SHV GXULQJ WKH
GHYHORSPHQW SKDVH ZKLOH WKH ZRUN SUHVVXUH KDV EHHQ
FRQVLGHUDEO\UHGXFHG>@
,QGLYLGXDO SULQWHUV PDGH DYDLODEOH WR D ODUJH QXPEHU RI
VWXGHQWV DUH XVXDOO\XVHG7KHUHIRUH HDFK LQGLYLGXDO VWXGHQW
RQO\KDV OLPLWHGDFFHVV WRDSULQWHUPDNLQJ LWPRUHGLIILFXOW
IRUKLPRUKHUWRXQGHUVWDQGKRZWKH\ZRUNDQGWKHZD\V LQ
ZKLFK WKH\ FDQ EH XVHG IRU GHVLJQ SXUSRVHV ,Q DGGLWLRQ WR
WKLV LI WKHUH LV RQO\ RQH SULQWHU DYDLODEOH WKHQ WKHUH LV QRW




7KH DGYDQWDJHV ZKHQ XVLQJ GHVLJQ YHUVLRQV DUH HVSHFLDOO\
HPSKDVL]HGLQWKLV,WZDVVKRZQLQDFRPSUHKHQVLYHVWXG\RQ
WKHLPSDFWRIWKLVQHZWHFKQRORJ\RQWKHWUDLQLQJRIDUFKLWHFWV
WKDW VWXGHQWVDUHPRUH LQWHJUDWHG LQWR WKHGHVLJQSURFHVVDQG
DOVREHFRPHPRUHFUHDWLYH$GGLWLRQDOO\WKH\DUHHQWKXVLDVWLF
DERXW WKH QHZZD\V LQZKLFKPRGHOV DQG SURWRW\SHV FDQ EH
JHQHUDWHG DQG EHQHILW IURP GLUHFW IHHGEDFN WKURXJK WKH
SK\VLFDODQGWKHUHIRUH³WDQJLEOH´PRGHOV>@
7KHUH KDV EHHQ D UDQJH RI DSSURDFKHV UHFHQWO\ WR XVLQJ
JUHDWHU TXDQWLWLHV RI ' SULQWHUV WR WUDLQ VWXGHQWV DV ZHOO DW
YDULRXV XQLYHUVLWLHV DURXQG WKH ZRUOG >@ )RU H[DPSOH
WKH 9DDO 8QLYHUVLW\ RI 7HFKQRORJ\ 6RXWK $IULFD VHW XS D
ODERUDWRU\ZLWKSHUVRQDO'SULQWHUVLQ>@,QUHFHQW
\HDUV WKHUHDUH UHSHDWHG UHSRUWVRISOXJDQGSOD\'SULQWHUV






' SULQWLQJ LQ XQLYHUVLWLHV LV WKDW LW PD\ QRW EH SRVVLEOH WR
JLYH VWXGHQWV D GHHS LQVLJKW LQWR WKH WHFKQRORJ\ WKURXJK WKH
XVH RI SOXJDQGSOD\ ' SULQWHUV +RZHYHU LQGHSWK
XQGHUVWDQGLQJRIKRZWKHV\VWHPVZRUNDQGWKHWRROVXVHGLV
SUHFLVHO\ZKDW LVQHHGHG LQ WKHDUHDRI GLJLWDOPDQXIDFWXULQJ
WR FRQYH\ WKH ULJKW DSSURDFK WR GHVLJQ DFFRUGLQJ WR WKH
UHOHYDQW SURGXFWLRQ WDVN +HQFH WKLV SDSHU GHVFULEHV D
PHWKRG IRU WHDFKLQJ VWXGHQWV DERXW KRZ D GLJLWDO
PDQXIDFWXULQJV\VWHPZRUNVDQGWKHWRROVXVHG,QDGGLWLRQWR
WKLVGHVLJQDQGSUDFWLFDOXVHDUHDOVR WDXJKWVR WKDW VWXGHQWV
NQRZ KRZ WR FULWLFDOO\ HYDOXDWH GHVLJQV XVLQJ WKH QHZ
WHFKQRORJ\7KHDLPRIWKLVLVWRJLYHVWXGHQWVSUDFWLFDOGHVLJQ
VNLOOV DQG WHDFK WKHP DERXW GHVLJQ RSWLRQV EXW DOVR LQIRUP
WKHPRIWKHOLPLWVRIGLJLWDOPDQXIDFWXULQJ
 7KHDSSOLFDWLRQRI'VFDQQLQJLQHGXFDWLRQ
7KURXJK XVLQJ WKH LQGLYLGXDO GHYLFHV LQ WKH ODEV RI WKH
XQLYHUVLW\VWXGHQWVFRXOGDOVRJDLQH[SHULHQFHLQKRZWRZRUN
ZLWK'VFDQQHUVWRUHDOL]HWKHDGYDQWDJHVRIWKLVWHFKQRORJ\
LQ WKH FROOHFWLRQRIGDWD+RZHYHU WKH VDPH OLPLWDWLRQV WKDW
DSSO\ WR ' SULQWLQJ XVHG LQ WHDFKLQJ DOVR DSSO\ WR '
VFDQQLQJ +HUH WRR ZLGHVSUHDG DSSOLFDWLRQ RI WKLV QHZ
WHFKQRORJ\LQHGXFDWLRQGRHVQRW\HWWDNHSODFH,QJHQHUDOWKH





HW DO VKRZ IRU H[DPSOH WKDW VWXGHQWV GHYHORS D EHWWHU
XQGHUVWDQGLQJLQWKHHYDOXDWLRQRIGUDIWVDQGGHVLJQVWKURXJK
WKHXVHRI'VFDQQHUV7KLVDSSOLHVLQSDUWLFXODUWRFRPSOH[
VXUIDFHV DV DUH HJ LQFUHDVLQJO\ WR EH IRXQG ZLWK PRGHUQ
YHKLFOHV >@ 5RGULJXHV HW DO VKRZ KRZ DUWLIDFWV FDQ EH
FDSWXUHG E\ ' VFDQQLQJ 7KH\ FDQ WKHQ EH SURYLGHG WR WKH
VWXGHQWVYLDDZHEEURZVHU>@)DQJHWDOGHPRQVWUDWHKRZ
WKH SURFHVV FKDLQ IURP ' VFDQ WR UHYHUVH HQJLQHHULQJ WR
&$' FDQ EH XVHG WR SUHVHQW WKH FXUUHQW VWDWXV RI '
PHDVXULQJ WR VWXGHQWV >@+RZHYHU LQDOO WKHVHFDVHVRQO\
WKH DSSOLFDWLRQ RI ' VFDQQLQJ LQ WHDFKLQJ LV GLVFXVVHG EXW
WKHUHLVQROLQNWR'SULQWLQJ
2. Process chain in 3D-Printing and 3D-Scanning 
$WWKHEHJLQQLQJD'GDWDPRGHOLVDOZD\VQHHGHGIRU'
SULQWLQJ 7KH SURFHVV FKDLQ LQ '3ULQWLQJ EHJLQV ZLWK D
YLUWXDO'PRGHORIWKHSDUWWREHSURGXFHG7KHVHFRQGVWHS
LV WR WUDQVIHU WKH'PRGHO LQDGDWD IRUPDW WKDWFDQEHUHDG
E\ WKH '3ULQWLQJ GHYLFH 7KH PDQXIDFWXULQJ SURFHVV LV




,Q SUHSURFHVVLQJ XVXDOO\ H[HFXWHG XVLQJ V\VWHPVSHFLILF






SURFHVVLQJ ,I QHFHVVDU\ D VXSSRUW VWUXFWXUH LV JHQHUDWHG WR
SUHYHQW SURWUXGLQJ HOHPHQWV RI WKH SDUW IURP VQDSSLQJ RII
GXULQJ WKH GLJLWDO PDQXIDFWXULQJ SURFHVV 7KH VOLFLQJ RI WKH
SDUW LQFOXGLQJ WKH VXSSRUW VWUXFWXUH LQWR OD\HUV LV WKH PRVW
LPSRUWDQWSDUWRIWKLVSURFHVVVWHS
$GGLWLRQDO SRVWSURFHVVLQJ LV LQ PDQ\ FDVHV FDUULHG RXW








LV LQVHUWHG LQWR D QR]]OH DQG KHDWHG WKHUH XQWLO YLVFRXV ,W LV
WKHQ DSSOLHG WR D EDVH2QFH RQH OD\HU KDV EHHQ FRPSOHWHO\
DSSOLHG WKH EDVH LV ORZHUHG RU WKH QR]]OH UDLVHG DQG WKH
FRQVWUXFWLRQ SURFHVV EHJLQV DJDLQ ,Q ILQDO SRVWSURFHVVLQJ
WKH DGGLWLYHO\ PDQXIDFWXUHG SDUW LV WKHQ VHSDUDWHG IURP WKH
EDVH7KHVXSSRUWVWUXFWXUHPD\DOVRKDYHWREHUHPRYHG
7KHUHDUHYDULRXVZD\V LQZKLFKHDFKVWHS LQ WKHSURFHVV
FKDLQ FDQ EH LPSOHPHQWHG 7KLV FDQ GHSHQG RQ HJ KRZ
H[SHULHQFHG WKH XVHU LV IURP PRUH LQH[SHULHQFHG SULYDWH
XVHUV WKURXJK WR ZHOOWUDLQHG DQG H[SHULHQFHG SURIHVVLRQDO
XVHUV )LJ  7KHUHIRUH WKH YDULRXV ZD\V LQ ZKLFK WKH
VWXGHQWVXVHGWKLVSURFHVVFKDLQLVH[SODLQHGSUHFLVHO\EHORZ
,Q WKH VLPSOHVW FDVH D SULYDWH XVHU FDQ VHOHFW D SURGXFW
IURPD'SULQWVKRS7KLVPHDQVWKDWDILQLVKHGSURGXFWHJ
DSURWHFWLYHVKHOOIRUDVPDUWSKRQHFDQEHSURGXFHGWKURXJK
JHQHUDWLYH PDQXIDFWXULQJ ZLWKRXW DQ\ NQRZOHGJH RI WKH
FRQVWUXFWLRQ DQG WKH SURGXFWLRQ SURFHVV 7KLV FDVH ZLOO RI





PRGHO FDQ EH GRZQORDGHG IURP DQ RQOLQH GDWDEDVH 8VHUV
ZLWK EDVLF &$' NQRZOHGJH FDQ XVH EURZVHUEDVHG RU RSHQ
VRXUFH &$' V\VWHPV WKH EDVLF YHUVLRQV RI ZKLFK DUH RIWHQ
DYDLODEOH IUHH RI FKDUJH 7KHUH DUH XVXDOO\ WXWRULDOV DQG
ZHELQDUVDYDLODEOHIRUWKRVHZLVKLQJWRWHDFKWKHPVHOYHVKRZ
WR XVH VXFK VLPSOH&$' V\VWHPV 3URIHVVLRQDO XVHUV RQ WKH




RSWLRQ RI XVLQJ ' VFDQQHUV WR FDSWXUH H[LVWLQJ REMHFWV
8VXDOO\ WKH SRLQW FORXGV FUHDWHG WKURXJK WKLV VWLOO KDV WR EH
ZRUNHG RQ XVLQJ UHYHUVH HQJLQHHULQJ VRIWZDUH WR FUHDWH D
VXUIDFHPRGHOIURPLW7KHUHDUHDZLGHUDQJHRIRIIHULQJVLQ
WKLVDUHDRQWKHPDUNHWDVZHOOIURPVLPSOHDIIRUGDEOHKRPH
DSSOLFDWLRQV WKURXJK WR FRPSUHKHQVLYH DQG H[SHQVLYH
KDUGZDUHDQGVRIWZDUHSDFNDJHVIRUSURIHVVLRQDOXVHUV
 7UDQVIHUULQJWKHGDWD
8VXDOO\DGDWD WUDQVIHU YLDDQ LQWHUIDFH LV UHTXLUHGDV WKH
QDWLYH GDWD IRUPDWV RI &$' V\VWHPV FDQQRW EH GLUHFWO\
LPSRUWHG E\ GLJLWDOPDQXIDFWXULQJ HTXLSPHQW LQPRVW FDVHV
7R GDWH 67/ LV WKH HVWDEOLVKHG IRUPDW IRU WKH GDWD WUDQVIHU
7KLV IRUPDW ZKLFK LV LQWHJUDWHG LQ QXPHURXV &$' DQG '
VFDQQLQJ V\VWHPV WUDQVIHUV WKH JHRPHWULHV IURP &$' DV
VLPSOLILHG WULDQJXODU DUHDV $GGLWLRQDO QHXWUDO IRUPDWV OLNH
HJ 950/ DQG PRUH UHFHQWO\ DOVR $0) FDQ DOVR WUDQVIHU
RWKHU LQIRUPDWLRQ LQ DGGLWLRQ WR WKH JHRPHWU\ GDWD OLNH HJ
FRORUVRUWH[WXUHV$VLGHIURPWKHVHWKHUHDUHDOVRSURSULHWDU\
GDWD IRUPDWV ZKLFK ZHUH GHYHORSHG E\ D QXPEHU RI
HTXLSPHQWSURYLGHUVEXWWKH\DUHWRVRPHH[WHQWDOVRDFFHSWHG
IRU LQSXW E\ QHXWUDO VRIWZDUH SURYLGHUV ,Q FRQWUDVW D GDWD
FRQYHUVLRQYLDDQLQWHUIDFHLVLQJHQHUDOQRWQHFHVVDU\LIGDWD









ZKR ZLOO SUHSDUH WKH GDWD DQG WKHQ SURGXFH WKH SK\VLFDO
PRGHO IRU WKHP8VHUVZLWK WKHLURZQ' KRPHSULQWHUVFDQ
XVXDOO\ XVH WKH VRIWZDUH SURYLGHG E\ WKH KDUGZDUH
PDQXIDFWXUHU WR SUHSDUH WKH GDWD WR EH UHDG LQ DQG SUHSDUHG
IRUWKHPDQXIDFWXULQJSURFHVV,QDGGLWLRQWRWKLVWKHUHLVDOVR
DUDQJHIURPEDVLFWRSURIHVVLRQDOVRIWZDUHSDFNDJHVWKDWFDQ
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RWKHU ZD\V RI SURGXFLQJ WKH DFWXDO SK\VLFDO PRGHO 7KHVH
UDQJHIURPEXLOGLW\RXUVHOINLWVIRUWHFKQLFDOO\JLIWHGSULYDWH
XVHUV WKURXJK WR DIIRUGDEOH EHJLQQHU PRGHOV LQ WKH IRUP RI
KRPH ' SULQWHUV 7KHUH DUH DOUHDG\ RYHU RQH KXQGUHG
GLIIHUHQW V\VWHPV RI WKLV W\SH RQ WKH PDUNHW >@ 0RUH
H[SHQVLYH V\VWHPV WKDW XVXDOO\ RIIHU EHWWHU TXDOLW\ VKRUWHU
EXLOGWLPHVDQGODUJHUEXLOGVL]HVFRPSDUHGZLWKV\VWHPVIRU
SULYDWHXVHUVDUHDYDLODEOHWRSURIHVVLRQDOLQGXVWULDOXVHUV
3. New approach on the application of 3D printing and 3D 
scanning in design education 
7ZR FDVH VWXGLHV ZHUH LQLWLDOO\ GHDOW ZLWK DV SDUW RI D
ZRUNVKRS ZLWK 0DVWHU¶V VWXGHQWV VWXG\LQJ ³,QGXVWULDO
(QJLQHHULQJ´7KHUHZHUHVHYHUDOZRUNLQJJURXSVZLWKWZRRU
WKUHH VWXGHQWV LQ HDFK VHH )LJ  D $ W\SLFDO EXLOGLW
\RXUVHOINLWIRUDQ)'0'SULQWHUZDVLQLWLDOO\DVVHPEOHGLQ
ERWK FDVHV ³)DEEVWHU * .LW´ IURP 6LQWHUPDVN LQ /XSEXUJ
*HUPDQ\ 2QFH WKH SULQWHU ZDV DVVHPEOHG DQG UHDG\ IRU
RSHUDWLRQWKHVWXGHQWVZHUHWDVNHGZLWKFUHDWLQJWZRGLIIHUHQW
SDUWV )LUVWO\ D SDUW KDG WR EH GRZQORDGHG IURP D IUHHO\
DFFHVVLEOH GDWDEDVH 6HFRQGO\ WKH VWXGHQWV KDG WR GHVLJQ D
SDUWXVLQJDSURIHVVLRQDO&$'V\VWHP&$7,$9'DVVDXOW
6\VWqPHV 3DULV )UDQFH LQ WKLV LQVWDQFH 7KH SDUWV ZHUH
VXEVHTXHQWO\ SULQWHG 7KHVH SDUWV ZHUH GHWDFKHG IURP WKH
FRQVWUXFWLRQ SODWIRUP DQG VXSSRUW LQ SRVWSURFHVVLQJ 7KH
VWXGHQWV DOVR KDG WR GRFXPHQW WKHLU H[SHULHQFH IURP WKH
ZRUNVKRS LQ WKH IRUP RI GHVLJQ JXLGHOLQHV DQG ZLWK D















H[DPSOH ,W DOVR KDG WR EH SRVVLEOH WR SURGXFH LWZLWKRXW DQ
DGGLWLRQDO VXSSRUW VWUXFWXUH 7KH GDWD IRUPDW IRU WKH GDWD
WUDQVIHU WR WKH 'SULQWHU VRIWZDUH IRU SUHSURFHVVLQJZDVQ
W
UHDOO\DQLVVXHKHUHDVWKHGDWDZDVRIWHQDOUHDG\DYDLODEOHLQ
67/ IRUPDW LQ WKHGDWDEDVH7KHUHIRUH QR FRORU LQIRUPDWLRQ
ZDV WUDQVIHUUHG HLWKHU LH WKHPRGHOV ZHUH PRQRFKURPDWLF






SURIHVVLRQDO &$' V\VWHP WR JHQHUDWH WKHLU RZQ SDUWV VHH
)LJXUHDE7KHLULQLWLDOH[SHULHQFHIURPWKHLUDWWHPSWVLQ
FDVHVWXG\ZDVXVHGLQWKLVWRHQVXUHULJKWIURPWKHGHVLJQ
WKDW WKH SDUWV FRXOG EH SURGXFHG XVLQJ D JHQHUDWLYH
PDQXIDFWXULQJ SURFHVV 7KH GHVLJQ JXLGHOLQHV GHYHORSHG DUH






7KH VWXGHQWVZHUH WDVNHG LQ WKLV UHJDUGZLWK VHOHFWLQJ WKH
YDULRXV RSWLRQV IRU WKH LQWHUIDFH HJ SUHFLVLRQ RI WKH
UHSUHVHQWDWLRQ DFFRUGLQJ WR WKH UHTXLUHPHQWV RI WKH '
SULQWHU7KHVL]HRIWKHWULDQJXODUIDFHWVLQWKH67/IRUPDWLV
RISDUWLFXODULQWHUHVWLQWKLV,IODUJHIDFHWVDUHVHOHFWHGFXUYHG
VXUIDFHV DUH YHU\ URXJKO\ GHSLFWHG ,I WKH IDFHW VL]H LV VHW
XQQHFHVVDULO\ ILQHO\ WKH GDWD YROXPHV DQG WKXV WKH ILOH VL]H
DUHXQQHFHVVDULO\LQIODWHG
 &DVHVWXG\'DWDJHQHUDWLRQXVLQJUHYHUVHHQJLQHHULQJ
,Q WKH WKLUG FDVH VWXG\ WKH VWXGHQWV XVHG D ' VFDQQHU
=VFDQQHUIURP=&RUSRUDWLRQWRSORWDPDVNWUDGLWLRQDOO\
XVHG IRU WKH (DVWHU FDUQLYDO LQ WKH %ODFN )RUHVW UHJLRQ VHH
)LJXUH6XEVHTXHQWO\WKHGDWDLQWKHIRUPRIDSRLQWVFORXG
ZDVHGLWHGXVLQJSURIHVVLRQDOVRIWZDUHWRIRUH[DPSOHILOOLQ
DQ\ JDSV DQG GHOHWH DUWHIDFWV $IWHU WKLV WKH UHYLVHG VFDWWHU
SORWZDVHGLWHGXVLQJVXUIDFHUHFRQVWUXFWLRQVRWKDWLWFRXOGEH
UHDGLQWRWKHSURIHVVLRQDO&$'V\VWHP&$7,$9
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SRO\PHUSODVWHUDVWKHFRQVWUXFWLRQPDWHULDODQGLWLVVROLGLILHG
XVLQJ D ELQGHU &RORUHG SULQWV DUH DOVR SRVVLEOH DV WKH
FRQVWUXFWLRQPDWHULDOFDQEHG\HGXVLQJFRORUHGLQNVLPLODUWR
DQ LQNMHWSULQWHU7KLVRSWLRQZDVQRWXVHG LQ WKLVFDVH VLQFH








4. Discussion of the findings 
,Q WKH ILUVW FDVH VWXG\ D VXLWDEOH GDWDEDVH ZLWK IUHHO\
DYDLODEOH ' PRGHOV ILUVW KDG WR EH VHOHFWHG 7KH ZRUNLQJ
JURXSV XVHG PDLQO\ GDWDEDVH ZKLFK RIIHUV D ZLGH UDQJH RI
GLIIHUHQW PRGHOV LQ YDULRXV WKHPHV HJ MHZHOU\ KRXVHKROG
PHFKDQLFDOHWF$QRWKHUFRPPRQO\XVHGVRXUFHLVDGDWDEDVH
ZKLFK DGGUHVVHV PDLQO\ WHFKQLFDOO\ VNLOOHG SHRSOH 2WKHU
GDWDEDVHVZHUHDOVRFKHFNHGEXWWKHVHRIWHQKDGFRQVLGHUDEO\
IHZHU PRGHOV WR FKRRVH IURP )XUWKHUPRUH WKH VRIWZDUH
SDFNDJHV IRUSUHSURFHVVLQJ IUHTXHQWO\ LQFOXGH DOVRDQXPEHU
RIVDPSOHVLQ'GDWD
 'HVLJQUXOHVLQGLJLWDOPDQXIDFWXULQJ
9DULRXV GHVLJQ UXOHV WKDW KDYH WR EH DGKHUHG WR ZKHQ
























WKDW SDUWLFXODU FDUH VKRXOG EH WDNHQ KHUH WR HQVXUH WKH
WHPSHUDWXUH QHHGHG WR IXVH WKH FRQVWUXFWLRQ PDWHULDO LV
PDLQWDLQHG7KHIHHGUDWHDOVRKDVDELJHIIHFWRQWKHTXDOLW\
RI WKH SULQWHG SDUWV )RU H[DPSOH HYHQ FRPSOH[ JHRPHWULHV
DQG VPRRWK VXUIDFHV FDQ EH DFKLHYHG E\ UHGXFLQJ WKH IHHG
UDWH +RZHYHU WKLV DOVR LQFUHDVHV WKH FRQVWUXFWLRQ WLPH
FRQVLGHUDEO\
 (FRQRPLFHIILFLHQF\
:LWK UHVSHFW WR SURILWDELOLW\ WKH VWXGHQWV LQLWLDOO\
GHWHUPLQHG WKH LQGLYLGXDO FRQVXPSWLRQ YROXPHV 7KHVH




,QDGGLWLRQ LWZDV IRXQG LQFDVH VWXG\ WKDW WKH VWXGHQWV
KDGWRPDVWHUDUDQJHRIVRIWZDUHSDFNDJHVLQRUGHUIRUWKHP
WREHDEOHWRSHUIRUPHDFKLQGLYLGXDOWDVNQHHGHGWRFRPSOHWH
WKH ZRUN ,QLWLDO VXFFHVV ZDV TXLFNO\ DFKLHYHG ZLWK WKH
VFDQQLQJDQGVXUIDFHUHFRQVWUXFWLRQ+RZHYHUPDQ\JDSVDQG




SURFHVVLQJ VWHSV DUH QHHGHG WR DFKLHYH KLJK UHSUHVHQWDWLRQ
DFFXUDF\,WZDVDOVRVKRZQWKDWKLJKUHSUHVHQWDWLRQDFFXUDF\
LV DVVRFLDWHG ZLWK ODUJH GDWD YROXPHV 7KHUHIRUH LW EHFDPH
FOHDU WRZDUGV WKH HQG RI WKH LQGLYLGXDO SURFHVVLQJ VWHSV LQ
SDUWLFXODUWKDW WKHKDUGZDUHXVHGZDVUHDFKLQJLWVOLPLWVDVLW
WRRN ORQJHU DQG ORQJHU WR SURFHVV WKH JHRPHWULFDO GDWD 7KH




7KH UHVXOWVRID QHZDSSURDFK WR LPSDUWLQJVNLOOV IRUSDUW
GHVLJQ IRU ' SULQWLQJ DUH SUHVHQWHG LQ WKLV SDSHU 7KLV
DSSURDFKLVQRWVROHO\DERXWWHDFKLQJVWXGHQWVKRZWRXVH'
SULQWHUV ,QDGGLWLRQ WR WKLV VWXGHQWV LQGHSHQGHQWO\DVVHPEOH
DQG RSHUDWH VHYHUDO ' SULQWHUV DV SDUW RI D ZRUNVKRS 7KH
ZRUNVKRSV KHOG VKRZHG WKDW VWXGHQWV DUH HQWKXVLDVWLF DERXW
WKHFXUUHQW WRSLFRI'SULQWLQJ7KHXVHRIEXLOGLW\RXUVHOI




a)                    b)                     c)
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,W ZDV DOVR SRVVLEOH WR GHPRQVWUDWH WKH FRQQHFWLRQV
EHWZHHQ WKH WHFKQLFDO SURSHUWLHV RI D ' SULQWHU DQG WKH
PDWHULDOV XVHG DQG WKH UHVXOWLQJ SDUW GHVLJQ FRQVWUDLQWV
WKURXJKWKHQHZW\SHRIHGXFDWLRQ%\XVLQJIUHHO\DFFHVVLEOH





DQG OLPLWVRI WKH'SULQWLQJSURFHVV7KH\ZHUHDEOH WR WHVW
WKH GHVLJQ JXLGHOLQHV WKH\ FDPH XS ZLWK WKHPVHOYHV VHH
&KDSWHU  LQ WKHZRUNVKRSDQG VHHZKHWKHU WKH\ DSSOLHG LQ
SUDFWLFH,QWKLVZD\WKHVWXGHQWVZHUHDEOHWRJDLQLPSRUWDQW
H[SHULHQFH ZLWK WKH JHRPHWULF GHVLJQ VWDELOLW\ DQG FRORU
VFKHPHRIWKHPRGHO
7KH VWXGHQWV LQ FDVH VWXG\  FRXOG GLVFRYHU WKH
SRVVLELOLWLHV DQG OLPLWV RI WKH RSWLFDO VFDQQLQJ RI SURGXFWV





7KH PRVW LPSRUWDQW FRQWULEXWLRQ RI WKH QHZ DSSURDFK
SUHVHQWHG LQ WKLV SDSHU LV WKH IDFW WKDW LW DOORZV WHDFKLQJ
PXOWLIDFHWHGFRQVWUXFWLYH VNLOOVZLWK UHJDUG WR WKHGHVLJQEXW
DOVR WR WKH DGGLWLYH PDQXIDFWXULQJ WHFKQRORJ\ 8VLQJ WKHVH






7KLV ZRUNVKRS VKRXOG DOVR EH RIIHUHG LQ WKH IXWXUH DQG
HQKDQFHGWRIXUWKHUGHYHORSWKLVHGXFDWLRQDOWRSLF7KHGHVLJQ
SRVVLELOLWLHVVKRXOGEHH[WHQGHGE\XVLQJDGGLWLRQDOKDUGZDUH
IHDWXUHV 7KHVH LQFOXGH IRU H[DPSOH D KHDWDEOH EDVH SODWH
ZKLFK ZLOO PDNH LW HDVLHU IRU WKH PRGHOV WR VWLFN
$GGLWLRQDOO\ DQ HQKDQFHPHQW WR LQFOXGH DGGLWLRQDO VXSSRUW
PDWHULDO LV SODQQHG WR VLJQLILFDQWO\ VLPSOLI\ WKH GHVLJQ RI
SURWUXGLQJHOHPHQWV
7KHXVDJHRI D SULQWHU EXLOGLQJ NLW WKDW LV DEOH WRSURFHVV
GLIIHUHQWPDWHULDOVZRXOGDOVRIXUWKHUWKHVWXGHQW¶VNQRZOHGJH
LPPHQVHO\ )XUWKHUPRUH GLIIHUHQW ' SULQWHUV ZLOO EH
LQYHVWLJDWHG ZLWK UHJDUG WR WKHLU SRVVLEOH DSSOLFDWLRQV ,Q
DGGLWLRQ WKHDSSOLFDWLRQRIRSHQVRXUFH&$'ZLOOEH WHVWHG
WR GHYHORS D FRPSLODWLRQ RI GDWD ZLWK VLPSOH &$' V\VWHPV
ZLWK WKH VWXGHQWV 7KLV ZLOO DOORZ WKH VWXGHQWV RQ WKH RQH
KDQGWRJHWWRNQRZWKHGLIIHUHQFHVFRPSDUHGWRSURIHVVLRQDO
&$'V\VWHPVIRUH[DPSOHUHJDUGLQJWKHXVHRIIHDWXUHV
2Q WKHRWKHUKDQG LW LVDOVRSRVVLEOH WR WHDFK WKHPDERXW
GDWDWUDQVIHUDQGGDWDSUHSDUDWLRQIRU'SULQWLQJWKLVZD\'
VFDQQLQJ DQG ' SULQWLQJ VKRXOG DOVR EH IXUWKHU FRPELQHG
)RUH[DPSOHLQDGGLWLRQWRWKHSURGXFW¶VJHRPHWU\LWVWH[WXUH
VKRXOG DOVR EH FDSWXUHG LQ WKH IXWXUH VR WKDW LW FDQ EH
LQWHJUDWHGLQWRWKHGDWDSUHSDUDWLRQIRUWKH'SULQWLQJ
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